Introduction
A study on anti-Hofmeister sensing materials with high selectivity for given anions is an expeditiously expanding domain in the field of chemical sensors. Membranes based on ion exchangers, such as lipophilic quaternary ammonium or phosphonium salts, display the classical Hofmeister behavior, in which the membrane selectivity is controlled by the free energy of hydration of ions involved with a selectivity sequence: ClO4 -> SCN -> I -≈ Sal -> NO3 -> Br -> NO2 -> Cl -> SO4 2-. 1, 2 Recently, electrodes using plasticized poly(vinyl chloride) (PVC) membranes incorporating lipophilic organometallic compounds, 3, 4 metalloporphyrins, 5-8 metallophthalocyanines [9] [10] [11] and Schiff-base metallic complexes [12] [13] [14] [15] [16] [17] have been reported, which have demonstrated potentiometric anion selectivity sequences that deviate from the Hofmeister pattern. These deviations result from a direct interaction between the central metal of the membrane-active components and the analytical anion and steric effect associated with the structure of the ligand. Because iodine is an indispensable microelement to humans, the determination of iodide ion is very important, especially in environment, medicine and food samples. Besides an electrode based on a pressed mixture of AgI and Ag2S being commercially applied to determine I -, several iodine ionselective electrodes based on a variety of ion carriers have also been reported in the literature. 12, 13, [18] [19] [20] However, most of these electrodes have one, two or, in some cases, all of the following problems: a) narrow linear ranges, b) high detection limit, c) long response time, d) instability and/or e) serious interfering effect of such anions as ClO4 -, S 2-, CN -, Cl -and Br -. In the present work, Schiff-base complexes of Co(II), Ni(II), Cu(II) (Fig. 1) were synthesized in our laboratory to prepare highly selective iodide electrodes. An electrode containing Co(II)-BDMABG with 2-nitrophenyloctylether (o-NPOE) as a plasticizer demonstrated a highly selective and sensitive response to iodide with a substantially improved performance, such as a long lifetime, wide potentiometric response range, low detection limit and small interference from other anionic species.
Experimental

Apparatus
All potentiometric and pH measurements were made with a pH meter (MP 230, Mettler-Toledo, Switzerland) and a digital ion analyzer (Model pHS-3C, Dazhong Instruments, Shanghai, China).
Synthesized organometallic complexes were characterized by elemental analysis with a NHC Elemental Analyzer (D-6450, Heracus, Germany).
The results are summarized in Table 1 . UV-visible absorption spectra were obtained on a UV/Vis spectrophotometer (Lambda 17, PerkinElmer, USA). The A.C. impedance of the electrode membrane was recorded with an impedance measurement unit (IM6e, ZAHNER elektrik, Germany) equipped with THALES software 6.88.
Reagents and materials
were synthesized by a modification of the reported procedures, as described in the literature. 21 N,N′-Bis-(dimethylaminobenzaldehyde)-glycine-iodine cobalt(III) [Co(III)-BDMABGI] was synthesized by a modification of the reported procedures, as described in the literature. 22 The 2-nitrophenyloctylether (o-NPOE) was synthesized as described by Horning. 23 All other reagents were purchased from Shanghai chemicals (Shanghai, China) and used without further purification. All of the chemicals used were of analyticalreagent grade. All aqueous solutions were prepared with deionized distilled water.
Sensor construction
The membrane composition was optimized by using an orthogonal experiment design with the electrode linear response range for iodide ion as the object function for optimization. The optimized result was 3.0 wt% ionophore, 67.2 wt% membrane solvent o-NPOE and 29.8 wt% PVC. The PVC membrane electrodes were fabricated from various carriers and assembled according to Thomas and his co-workers. 24 A solution of 0.1 mol L -1 potassium chloride was used as the internal filling solution and a saturated calomel electrode was used as the reference electrode.
The electrode cells for potential measurements were of the following cell assemblies:
Determination of the emf response of the electrode in an oxygen-free environment
The fabricated PVC membrane containing various ionophores was dried in vacuo. Before use, the electrodes were conditioned in 0.1 M KI aqueous solutions, which were deoxygenated by bubbling nitrogen through the solutions for 24 h. The various KI solutions were prepared with deoxygenated buffered solutions, and then N2 was allowed to flow over a freshly prepared KI solution while determining the emf response of the electrodes.
UV absorption spectra and A.C. impedance spectra UV absorption spectra of Co(II)-BDMABG chloroform solutions were recorded after shaking them with aqueous 0.1 M I -(pH 2.0) and a blank buffer solution for 1 h, respectively.
An A.C. impedance plot of an electrode membrane containing Co(II)-BDMABG was recorded. The electrode cells for an A.C. impedance determination were composed of an Ag/AgCl foil with 0.5 cm 2 area as a working electrode, a saturated calomel electrode (SCE) as a reference electrode and a Pt foil with 0.5 cm 2 area as a counter electrode, respectively. The frequency region used was 10 -2 -10 6 Hz and A.C. amplitude was 50 mV (20˚C).
Results and Discussion
Potentiometric response characteristics of electrodes
The potentiometric response characteristics of electrodes containing different carriers are shown in potential response characteristics imply that the chemical environment, especially a certain substituent, has an important influence on the performance of the electrodes. The electrode incorporating Co(II)-BDMABG could be used continually for more than two months, and did not show any detectable loss of its performance characteristics.
Selectivity
The relative response for the primary anion over other anions presented in solution is an important characteristic of an anionelectrode, which is usually expressed in terms of the potentiometric selectivity coefficients, log K pot I -,j n-. The selectivity coefficients, log K pot I -,j n-, of an electrode incorporating Co(II)-BDMABG toward different anions, j n-, were determined by a separate solution method. 25 The results of an electrode based on a Co(II)-BDMABG electrode are presented in Table 2 . It exhibited an anti-Hofmeister selectivity sequence of anion in the following order:
It was compared with that of an electrode containing a quaternary ammonium salt, hexadecyltrioctylammonium iodide (HTOAI).
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Mechanism to iodide response Some PVC membrane electrodes containing lipophilic organometallic compounds as anion ionophores displayed an anti-Hofmeister selectivity sequence; the response characteristics were mainly controlled by a special interaction between organometallic compounds and anions, rather than by the lipophilicity of anions or simple opposite-charge interactions with anions. A [Co(II)-BDMABG]-based electrode had a high potentiometric selectivity for I -, mainly owing to the unique interaction between cobalt(II) complexes and iodide ion in an acid solution. In low-pH aqueous solutions, iodide ion can be oxidized to iodine by oxygen. 26 The reaction of a cobalt(II) complex with iodide was accompanied by electron transfer between the central cobalt and iodine in iodide complexes, which could be described as Co 3+ 
·I
-. 27 The following reactions took place:
The interaction between the central Co(III) atom in complex and I -take place in the axial direction (Fig. 3 ). Different buffers, 0.01 M H3PO4 solutions adjusted with NaOH at pH 2.0, 3.0, 4.0, 5.0, were used to study the effect of the pH on the response of electrodes doped with Co(II)-BDMABG in order to be iodide-sensitive. Figure 4 shows the results obtained when the electrode was immersed into buffer solutions with different pH values. The linear response range and the slope deteriorated with increasing solution pH. From  Fig. 5 , one can see that under the same experimental conditions as in Fig. 2 , the potentiometric response characteristics of the electrode incorporating Co(II)-BDMABG displayed a response to iodide ion only ranging from 3.6 × 10 -6 to 1.0 × 10 -1 M with a detection limit of 1.4 × 10 -6 M and a slope of -43.0 mV/decade in an O2-free environment, whereas the potentiometric response characteristics of electrodes incorporating Ni(II)-BDMABG and Cu(II)-BDMABG in an O2-free environment was nearly the same as that of the electrode exposed to air. By comparing Fig.  4 and Fig. 6 , one can see that the effect of oxygen on the performance of the electrode containing Co(II)-BDMABG in solutions of pH 2.0 was more significant than in solutions of pH 3.0, 4.0, and 5.0. On the one hand, hydroxide-coordinated central metal might interfere with the response toward iodide. On the other hand, the reaction of iodide with oxygen from air and the formation of iodine would be hindered by the increase of the solution pH. Ascorbic acid should prohibit the oxidation of iodide ion. The potentiometric response characteristics of an electrode containing Co(II)-BDMABG displayed a response to iodide ion only, ranging from 4.0 × 10 -6 to 5.0 × 10 -2 M with a detection limit of 2.0 × 10 -6 M and a slope of -47.2 mV/decade with the addition of 0.01 M ascorbic acid. The iodine in solution was reduced by ascorbic acid, and the interaction between the carrier and iodine was weakened.
In order to investigate the interaction mechanism of Co(II)- Fig. 3 Response mechanism of the electrode. BDMABG with I -, the UV-spectra were measured out. Figure 7 shows the absorption spectra of Schiff-base complexes of Co(II) and Co(III) in chloroform solution. The spectrum of a chloroform solution of Co(II)-BDMABG treated with 0.1 M KI aqueous solution was different from that of the Co(II)-BDMABG and similar to that of Co(III)-BDMABGI. It was possible to distinguish the interaction between the central metal and iodide ion. The substantial increases in the absorbance of 252 nm and 294 nm and a considerable red shift of about 6 nm (from λmax 246 nm to λmax 252 nm, from λmax 288 nm to λmax 294 nm) after contact of the carrier solution with the iodidecontaining phase suggested that the absorbing species had increased in size, and axial coordination was thought to take place. Under the same conditions, the effects of anion I -on the spectrum of other ionophores, such as Ni(II)-BDMABG and Cu(II)-BDMABG, were investigated, and no detectable changes in the UV-spectra were noted.
A.C. impedance of the electrode
The A.C. impedance spectra of a membrane incorporating Co(II)-BDMABG conditioned in a pH 2.0 H3PO4-NaOH buffer solution containing different concentrations of I -were recorded. As can be seen in Fig. 8 , a perfect semicircle bulk impedance at a high-frequency region and a Warburg impedance at a lowfrequency region were observed. The bulk resistance decreased with increasing the concentration of KI: 8.72 × 10 2 kΩ in 10 -6 M, 7.37 × 10 2 kΩ in 10 -4 M, 5.84 × 10 2 kΩ in 10 -2 M. It was evident that Co(II)-BDMABG could dominate the iodide ion across the membrane, and that the transfer process is diffusion controlled.
Preliminary applications
To demonstrate the applications of a PVC membrane iodideselective electrode, an electrode incorporating Co(II)-BDMABG was applied to determine the content of I -in Jialin River and Spring in Jinyun Mountains. A 25 ml of sample water was adjusted to pH 2.0 with 0.01 M H3PO4-NaOH buffer. The sample solution obtained above was determined by a potentiometric method. The result obtained indicates that a [Co(II)-BDMABG]-based electrode can be applied to the determination of iodide in actual samples with satisfactory results, as compared with catalytic colorimetry 28 (see Table 3 ).
In this paper, we have described a new highly iodide-selective electrode based on Co(II)-BDMABG. This electrode is very easy to prepare, has high selectivity and sensitivity, a wide range, a fast response time, fair stability and reproducibility, and a low detection limit. The electrode could be applied to determine the content of I -in actual samples.
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